Application of a novel respirometric methodology to characterize mass transfer and activity of H2S-oxidizing biofilms in biotrickling filter beds, Biochemical Engineering Journal http://dx.doi.org/10.1016/j.bej. 2015.02.030 This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain. • A novel respirometer design characterized the kinetics in H 2 S-oxidizing biofilms 3
concentration in the gas-phase has been monitored [15] , while the oxygen concentration in the 13 gas phase was not analyzed. The latter is a critical variable that defines the H 2 S biological 14 oxidation. Overall, the HR technique has not been extensively applied yet and requires further 15 experimental and modeling research in order to be improved.
16
Thus, the aim of this work was to apply, assess and improve the HR methodology to and control with NI LabWindows CVI. Temperature was not directly controlled in the HR.
1
Instead, room temperature was kept constant at 21ºC. Eckenhaid-Eckental, Germany) and stainless steel pall rings (KEVINCPP, Mumbai, India),
6
namely PUF and PR, respectively, were used in this study ( procedure to obtain the experimental data was applied as follows. The BTF was filled with sterilized packing material followed by the addition of mineral medium (126 mL). suspended biomass in the liquid phase either at the beginning or at the end of the assays. The 10 reaction considered in this study is a biological reaction being the catalyzer the biomass itself.
11
Free volumes of gas in the upper and lower sections of the HR and the liquid reservoir (see Fig.   12 1) were also considered in mass balances. As a particular assumption associated with the In the packed bed
He He
with initial condition:
In the gaseous reservoir
The subscript i refers to oxygen or H 2 S, the two different gaseous compounds considered in the 7 mass balance. 
10
In the packed bed
with initial condition: 
with boundary conditions:
with boundary conditions: The set of partial differential equations was discretized in space along the biofilm thickness.
16
Six points were used along the biofilm thickness. The resulting set of ordinary differential 
Microbial kinetics
The OUR within the biofilm was described by a double Monod-Haldane type kinetic 1 expression depending on dissolved oxygen and dissolved H 2 S concentrations inside the biofilm 2 (Eqs. 12 and 13). The H 2 S uptake rate was computed from Eqs. (14) and (15) 
Non-wetted-biofilm:
(
While: 
94 (Table 1) .
The experimental gaseous and dissolved oxygen concentration profiles generated from the 2 respective respirometric tests were used to calibrate the mathematical model described above. materials. Overall, a good agreement was found for the oxygen profiles in the gas phase for 10 both packing materials. Also, the dissolved oxygen concentration predicted for the PR packing Table 2 . At the trickling rate tested (10.8 m h -1 ), the fraction of biofilm covered by 2 water (assuming to be proportional to α) was much smaller than that directly exposed to the gas 3 for both packing materials. Even if the thickness of the biofilm on PUF was more than half that 4 of the PR, the surface of packing covered by biofilm (β), the area of biofilm directly exposed to 5 the gas phase (ɑ g-b ) as well as the OUR max were significantly larger for the PUF packing 6 compared to those for the PR. Results in Table 2 indicate that a combination of several factors 7 lead to find a larger H 2 S elimination capacity for the PUF packing. The external oxygen mass 8 transfer coefficients K L and K B would explain such differences as discussed later.
9
Similarly, the overall capacity for H 2 S degradation must consider not only mass transport but 11 also the biological activity inside the biofilm. both packing materials contributed in average around 65% to the EC observed (Fig. 5) . namely t max , and secondly at the end of the test, namely t end (Fig. 5 ). Fig. 6 shows the predicted 16 concentrations of H 2 S and dissolved oxygen inside of the wetted and non-wetted biofilm for 17 both packing materials at both t max and t end . In Fig. 6A and 6B for the wetted biofilm a similar (Fig. 6D) , the H 2 S elimination capacity in the non-3 wetted biofilm was limited by the diffusion of oxygen through the biofilm. The inner layers 4 turned out to be inactive for both packing materials. conditions found in a BTF allowing the estimation of the intrinsic biological activity of the 1 biofilm by inducing comparative boundary layer properties of the mobile phases. Besides, the 2 HR methodology described in this work considers and quantifies phenomena such as the partial 3 wetting of both the packing and biofilm that occur in real biotrickling filters. oxygen and H 2 S diffusion rates through biofilm limited the activity of the biofilm.
Results also allowed calculating the contribution of the wetted and non-wetted fractions to the Overall, experimental data of the gas and the liquid phases to both describe mass transfer and 21 biological activity showed that dissolved oxygen and O 2 profiles allowed to assess the systems is based on models with a large number of parameters and processes that may be 20 correlated which, coupled to a common lack of data of the biofilm (biofilm composition and 21 structure, concentration of species in the biofilm…), lead to solutions that are fairly recognized as non-unique. However, the lack of such analysis/data and parameter correlation do not 23 invalidate modeling efforts.
CONCLUSIONS 1
In this study heterogeneous respirometry was successfully applied to characterize the basic 2 biofiltration properties (i.e. transport and biological phenomena) using a small and were estimated with the minimal handling of the biofilm. This technique has shown to be 9 highly adequate to study the kinetics of immobilized biomass which is essential in those 10 generic models describing biofiltration process or other similar process involving biofilms.
11
However, more data is needed, particularly from substrate degradation and inside the biofilm,
12
to reduce uncertainty of model parameters estimation as well as to verify model predictions. (11) Gas in, (12) O 2 /CO 2 sensor , (13) Gas recirculation, (14) Gas recirculation compressor,
13
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(15) micro-burette for pH control. 
